































Microbial	 nitrate	 reduction	 is	 accomplished	 by	 the	 oxidation	 under	 anaerobic	 conditions	 of	 either	 an	 organic	 compound	 (by	 heterotrophic	 bacteria)	 or	 an	 inorganic	 compound	 (by	 autotrophic	 bacteria).	 Heterotrophic
denitrification,	on	which	most	of	the	denitrification-based	treatments	rely,	can	be	described	by	the	following	overall	reaction:
where	 CH2O	 represents	 a	 generic	 organic	 compound.	 In	 subsurface	 environments,	 the	 lack	 of	 readily	 available	 organic	 carbon	 has	 often	 been	 reported	 as	 the	 most	 common	 hindrance	 to	 denitrification	 (Jahangir	 et	 al.,	 2012).
This	limitation	explains	why,	until	recently,	the	use	of	denitrifying	bacteria	for	groundwater	treatment	has	traditionally	been	reserved	to	ex-situ	treatments	in	bioreactors.	However,	latterly	attention	has	focused	on	the	supply	of	an
external	organic	substrate	in	the	aquifer	itself	(in-situ	treatment).
One	 option	 of	 applying	 an	 organic	 substrate	 into	 the	 aquifer	 is	 through	 a	 permeable	 reactive	 barrier	 (PRB).	 A	 PRB	 consists	 in	 placing	 a	 reactive	 material	 across	 the	 flow	 path	 of	 contaminated	 groundwater	 so	 that	 the


















































































































known	 to	 be	 potent	 greenhouse	 gases	 of	 major	 environmental	 concern,	 and	 in	 this	 case	 by	 the	 regulator	 on	 site.	 In	 fact,	 N2O	 and	 CH4	 exhibit	 a	 global	 warming	 potential	 for	 a	 100-year	 time	 horizon	 298	 and	 25	 times	 greater,
respectively,	than	that	of	CO2	(IPCC,	2007).	In	subsurface	systems,	gases	can	be	emitted	via	upward	diffusion	from	groundwater	through	the	unsaturated	zone	to	the	atmosphere	(Jurado	et	al.,	2017).	For	this	reason,	emissions	of	CO2,








































Competition	 for	CH2O	between	denitrifiers,	aerobic	degraders,	methanogens	and	sulphate-reducers	should	not	be	seen	necessarily	detrimental	 for	denitrification	 to	proceed,	as	 it	 is	known	that	denitrifiers	do	not	degrade



















CO2 mg/(m2·h) 411.09 164.66
CH4 mg/(m2·h) 23.05 3.99
N2O mg/(m2·h) 0.40 0.38
The	generation	of	CO2,	CH4	and	N2O	was	indicative	of	heterotrophic	processes.	CO2	can	be	formed	from	HCO3‐	−	as	a	product	of	reactions	(2)–(5).	CH4	reflected	the	prevalence	of	anaerobic	conditions	(at	least	in	some	parts)
within	the	PRB,	whereas	N2O	was	indicative	of	(incomplete)	denitrification.


















































































































































































































































































The	 citation	 “Hensen	 et	 al.,	 2012”	 has	 been	 changed	 to	 “Hensen	 et	 al.,	 2013”	 to	 match	 the	 author	 name/date	 in	 the	 reference	 list.	 Please	 check	 if	 the	 change	 is	 fine	 in	 this	 occurrence	 and	 modify	 the
subsequent	occurrences,	if	necessary.
Answer:	Yes,	the	correct	citation	is	"Hensen	et	al.,	2013"
Query:
Uncited	reference:	This	section	comprises	references	that	occur	in	the	reference	list	but	not	in	the	body	of	the	text.	Please	position	each	reference	in	the	text	or,	alternatively,	delete	it.	Thank	you.
Answer:	We	can	delete	it
Query:
Have	we	correctly	interpreted	the	following	funding	source(s)	and	country	names	you	cited	in	your	article:	"Ecos	Centre	and	the	Ballymena	Borough	Council	(Northern	Ireland);	European	Community".
Answer:	I've	changed	the	text:	we	acknowledge	these	institutions	for	their	operational	support.
